The concentrations of indoor pollutants generated from types of heaters were measured in a model room of 20m2 in area and 45m3 in capacity. We used six different heaters: three kerosene heaters of different types, town and propane gas heaters, and an electric heater. Three ventilation conditions were introduced into each experiment: nonventilation, fan-on ventilation with closed door and fan-off ventilation with half-opened door.
INTRODUCTION
Today, the quality of indoor air has been recognized as an important factor in the assessment of health effect. People have been spending far more time indoors than outdoors' 3), where it often happens that the concentration of pollutants is higher than outdoors. Moreover, most modern Japanese houses are similar to those of Europe and the U.S.A., losing their traditional open-style structure.
Cigarette smoking, heating, cooking and plywood are often the most significant factors influencing the concentrations of indoor air components4-10~. The pollutants emitted from man-made sources can be hazardous chemicals which lead to diseases such as respiratory disease, blood toxicity, potential mutagens and carcinogens. In particular, several substances emitted from smoking and heating appliances may have adverse human health effects, and human exposure to these hazardous substances of high concentration, even if for a short period of time, may cause an undesirable effect on the health of the individual. Observation of hazardous substances in a small and closed-style room seems to make a highly significant contribution to the understanding of indoor air health effects. This study, therefore, is designed to determine the pollutants generated by heating under non-ventilation or ventilation conditions.
EXPERIMENTAL PROCEDURES
As shown in Figure 1 ", a simulated model room of 20 m2 in area and 45 m3 capacity was used for the measurement of pollutants generated from heating appliances.
The six heating appliances of different types included: an electric heater (Hitachi, 1,200 W, Japan), a town gas heater (Rinnai, 3,300 Kcal/hr, Japan), a propane gas heater (National, Japan), a convection kerosene heater (Aladine, 0.26 L/hr, Japan), a reflection kerosene heater (Hitachi, 0.26 L/hr, Japan), and a kerosene-fan heater (Daikin, 3,300 Kcal/hr, Japan).
Each heater was run in the model room for 3 hours and the concentrations of pollutants were measured for 9 hours for three stages (pre-, test-, post-burning) under non-ventilation (Fan-off, Door-closed) or ventilating (Fan-on, Door-closed or Fan-off, Door 45°-opened) conditions. The ventilation rate (m3/hr) and number of air changes per hour (time/hr) of these ventilating systems were 31.3 ± 20.7, 0.7 ± 0.4 for non-ventilating condition, 136.1 ± 54.0, 3. The nitrogen oxides were determined by a chemiluminescence NOx analyzer (Denkikagaku Co. Ltd., Japan) which recorded NO2, NO and NOx (NO2 + NO) continuously at intervals of 30 seconds. The flame temperature was measured at the circumference of the flame by a digital thermometer (Chino Works Co. Ltd., Japan). CO and CO2 were determined by a CO and CO2 meter (Sibata Scientific Technology Ltd., Japan).
Suspended particulate matter (SPM) was collected on a glass fiber filter (Type 60 A20, Tokyo Dylec Ltd., Japan) using a low volume air sampler equipped with a particle-size-separator to remove particles larger than 10 µm. Relative SPM and the number of particles were measured by a digital dust indicator P-5 (Sibata Scientific Technology Ltd., Japan) and particle counter (Rion Ltd., Japan), respectively.
Polynuclear aromatic hydrocarbons (PAHs) in SPM were extracted by using ultrasonic method and cleaned up with basic alumina and then determined by using a high-performance liquid chromatograph with a fluorescence detector12~. As shown in Figure 2 , NOx concentrations from all the heaters except the electric heater increased simultaneously with burning and then reached the maximum level after 1 hour in the case of non-ventilating condition. NOx concentrations under two ventilating conditions increased simultaneously with burning, the same as non-ventilating condition, and already reached the maximum level after 30 minutes, in comparison with non-ventilating condition. At post-burning, NOx concentrations decreased to much the same level as those in pre-burning within 30 minutes under the two ventilating conditions. However, NOx concentration under non-ventilating condition decreased gradually and needed 90 minutes to reach a preburning level.
When heating was stopped, the decrease of N02 concentration obtained was about twice as large as NO concentration. In the case of the reflection kerosene heater under non-ventilation, N02 concentration needed about 30 minutes to decrease to half the level of concentration.
NO2 concentration in the model room during pre-burning was at a level below 0.03 ppm, and NO concentration was at a lower level than NO2 concentration. Therefore, NO2 concentration in indoor air by non-heating was just under the EQS. As shown Figure 3 , NO2 concentration of all the heaters except the electric heater exceeded the EQS. These results indicate the possibility of ill effects on the health of people exposed to NOx in indoor environments, including the working environment, during winter season. Therefore, it is necessary to decrease the NOx concentration by means of ventilating condition and so forth. A fact worthy of note from this result was a remarkable difference of NOx emission means by the type of heater, as shown in Figure  3 . The ratio of NO/NO2 concentration was 4.6 for convection kerosene heater, 0.2 for reflection kerosene heater, 2.9 for kerosene-fan heater, 0.02 for town gas heater and 0.08 for propane gas heater, respectively.
As shown in Figure 4 , under nonventilating condition in which the number of air changes per hour is less than one, NO2 concentration from all heaters except the electric heater were exceedingly high, and exceeded the EQS upper limit (0.06 ppm). In contrast, under two different This result is considered to be attributed to the increase of ventilation volume. However, NO2 concentrations for the convection kerosene heater and the kerosene-fan heater exceeded the EQS upper limit despite the ventilating operation. NO2 concentration obtained from the present study was in agreement with the findings of some published reports'3, 14) that NOx concentration from convection kerosene heaters is generally at a high level. NOx concentration from the reflection kerosene heater was the same as the concentration (NO2: 0.26 ppm, NO: 0. The ratio of NO/N02 varied according to the type of heater and burning conditions.
The flame temperature shows a mean measurement of ten points. As shown in Figure 5 , in the case of the convection kerosene heater, under the burning condition (600°C) of red flame, the main component of nitrogen oxides was N02, but NO concentration increased with the length of the flame, indicating a rise in the flame temperature. N02 concentration increased until the temperature increased to 800°C, but flame temperature over 800°C quickly decreased N02 concentration. When the flame temperature was over about 780°C, NO2 and NO concentrations increased rapidly, and were at an equal ' level. Therefore, NOx emission was dependent on the type of heater and the !burning condition.
(2) Carbon monoxide and Carbon dioxide The hourly maximum concentrations of CO and CO2 are shown in Figure 6 and Figure 7 , respectively.
Under non-ventilating condition, concentrations of CO and CO2 increased simultaneously by heating and reached a steady level within 1 hour, and reverted to the normal level in 3 hours after heating. CO2 concentration from all heaters except the electric heater under non-ventilating condition showed a higher level than 3,000 ppm and exceeded the BSMS (1,000 ppm). CO concentrations from reflection kerosene and town gas heaters were 11 ppm and 13.7 ppm, respectively, and these were the only cases which exceeded the BSMS limit (10 CO2 concentrations under ventilating operations except the town gas heater (Fan off, Door 45°-opened) or propane gas heater (Fan on, Door closed) were not decreased to a level under the BSMS.
(3) SPM and PAHs
As shown in Table 1 , SPM concentration of convection kerosene heater under non-ventilating condition showed an increase with the use of convection and reflection kerosene heaters in comparison with other heaters.
SPM concentration by all the heaters was less than BSMS (0.15 mg/m3) and at a lower level than its concentration (0.054-0.077 mg/m3) in the ambient air measured during 1980-1988 in the Kitakyushu district16~
Relative SPM concentration measured by a digital-dust indicator ranged from 6-29 cpm at preheating to 7-39 cpm during test-heating, and 6-35 cpm at postheating.
Determination of the number of particles emitted from the heaters by a particle counter showed no differences due to the type of heating appliances. 
CONCLUSIONS
This study focused on the pollution by six different heating appliances under three ventilation conditions in a model room, with the following conclusions.
Concentrations
of NOx increased, depending on the heating appliances and ventilating conditions. NO2 concentrations obtained from kerosene-fueled heaters were higher than those obtained from gas heaters and exceeded the EQS upper limit. 2. CO and CO2 concentrations showed a simultaneous increase by heating. Under non-ventilating condition, CO concentrations by heating rose over the BSMS, while CO2 concentrations from all the heaters except the electric heater exceeded the BSMS. 3. The concentrations of SPM and PAHs showed a rising tendency during the use of the kerosene-fueled heater. 4. Ventilating operations by door opening and fan-on were an effective method for decreasing the concentration of indoor pollutants.
From the above mentioned facts, therefore, this study indicates that heating PAHs, sometimes at a high concentration exceeding the BSMS. Therefore, these facts also suggest that it will be necessary to decrease the concentration of pollutants in the indoor environment.
